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platform. From the results it is clear that utilization of the methods improve performance of 
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magnitude of network delay variation, and uncertainty sources coming from the process. 
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Tiivistelmä 
Teollisuuden tietoliikenneverkkojen kehittyessä kohti teollisuus-Ethernet pohjaisia 
järjestelmiä on häiriöttömän toiminnan varmistamiseksi kiinnitettävä huomiota verkon 
ohjaukseen ja verkon parametrien monitorointiin ja estimointiin. Eräs päähaasteista 
Ethernet-pohjaisten ratkaisujen käytössä prosessien ohjaussovelluksissa on verkon 
suorituskyvyn epädeterministisyys eli sen suorituskyvyn muuttuminen kuormituksen 
mukaan. Verkon häiriöllinen toiminta voi edelleen vaikuttaa ohjaussovelluksen 
suorituskykyyn ja tehokkuuteen. 
Tässä työssä keskitytään sellaisen säätösovelluksen suorituskyvyn parantamiseen, joka on 
rakennettu Ethernet-verkkoa hyödyntäen. Tällaisissa verkoissa parametri, joka voi aiheuttaa 
häiriöitä säätösovelluksen toimintaan, on tietoliikenteestä johtuva viive. Uusilla verkon 
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pohjautuvaa menetelmää, jotka eroavat toisistaan siinä, kuinka hyvin ne huomioivat verkon 
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1.2 Outline of the thesis  
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2 Industrial communication technologies  
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(business processes, logistics)Level 4
Level 3
Level 2
Device networks (Digital field buses)
MES systems
(production planning, maintenance, quality control)






Automation network (field buses, also Ethernet – TCP/IP)
Operations informations network (Ethernet – TCP/IP)











4  ! 







  	 
















 D  FE 	 
 
  D  $ > 	 #E( 
		 	 "1*  
 	  		  !	 

 		! 	        	  1/
(  1/    
	+  
 	! 	
		! 	 !	!  	 	      "1* 	
		 ( !






    






	     	
   	 






















  	  	 	 	 			






    		 3
	! 	  








  	 
	!K 		  	 1+	 (
4  	  	   
    
 	 
	
	   	





  		  		    >BBG   1	
1&11!	A			1&H$>$		D1&111&H$>$>BBGE(
		 	 
   !  		 		K +& 
.	 D.* #>B$G >BB$E +4"*  5	 D.)& >B#%H+>KF >BB$E
	 84)  4	
 D4&:/ &4 %G+G$F >BB$E(  	










& D: . 
& 7 










		 	( 4  1& H$>$ 		 D1&11 1& H$>$












>BBG	E 	 . 













! 	 	 	!    !	 




:    	  	
 D	   	









  	  3 		
  

  ( )    	 	
	    

		
 	    
 6  	  		I
 	 

	    	    	 









     
     ( .   	 	  

	 		 	  		  	  !		 	  






* 	 !	A	 D(!( )	 	 : &! 	

D):&EE 	 !    1  	 		(  	
 	  











>BBGE(   ! ! )1 85>>  ! /	  1







EI  D)1 G>'%+# #$$EI 1 D)1 G>'%+# #$$	EI












      		 1  !  
		
  












   6 		 
 

!  	 I   
 	  


	  	( 
 	   		
 	 "@
1&@)&. 
















 D1E   1 	( 
 	   		
 	





1E( "   ! 	 	+  







	 			  	  
   
 	+/1 	









2.3 Ethernet based network as a process layer network 

*		 )111 '$#(F D)111 '$#(F+#$$$ #$$$E   	 1 	
   		 

	 	! 























! 	 	 	










! 	 3 	  		  	   )*:@:*) 
	

(  	 !	  	 		 	 
 D




 	  	   	K  !
	  









+ 		   










 	 	 	 
	 		 	









      	  	 	 
	 
	(  	
!    1 	  	  "   	
*" 









 	 * " 

   .
   	   
! 
   
	 			

	 	( 	 	  	 	 
! 	 
 	  

						+		!(8
 	!   	    
!  !   

!     	  1 +









!E( )  
	    	    !! 	
  	 







	   
    	 
	 
 








  	   	    	 !  3	  
	 !	    




  	 	(   	 	 	
6 	  	  	
  	  	 	  	 !	
3 !  	   








;	!  	 	  	   			  	
	   (     	 	
! (  	
!  
	 ! 	
   !!   







		!(   " 






Wait interframe gap and start submission
Send jams and increment attempts
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3.8 Summary of existing control methods for NCS 
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4 Advanced control methods for a NCS 
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4.4 Control of a NCS using delay estimates obtained from a network 
model and information on process related uncertainties  
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5.1  Network transmission delay measurement 
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5.2 Compensation of slowly varying transmission delays with an 
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Delay Variation, Actuator Path




Performance of Nominal Controller
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Simulated sensor netw ork delay
Netw ork delay in Smith Predictor






Simulated actuator netw ork delay
Netw ork delay in Smith Predictor
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Simulated sensor netw ork delay
Netw ork delay in Smith Predictor






Simulated actuator netw ork delay
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Performance of SP when
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Performance under Smith compensation 
(UBD as delay estimate)























	  	 	 		  &*	   ! 

   

	    	









	  	  	  







    










































 	(		  	
K	
		 
 	    
 
 	 	 
 	     
	  	
   
 









 		!	 	  	

   	 	 	

 ("	3  !   	  
	 
	    	   
    
  	
 
	(  4)4: 
! 
 	 





    

	  	   
	
 1@)@. D 	  		!   








  	 3
	!  




)   	
   

 






















































 	    3	     4! ##(




















     >H  
 	 	






   ! 	  	














( 	 	   































































  	 	(  	 







 	 	 + 	! 
    + 	! 	 

   

	   	  

























  		  






	 	 	 	
 	 		




	 	     	 





	  	     	  
 	
  !  	 + 	! &*(     	  +
 		 	 	 
 	  D?! 	 0 >B'FE(









	 	   	! 
 








4 	 + 	! 













 (  		  + 	!  	 











	  !	A 	 ( 4 	 3	  !  	 	 

	     		 I 3  	   
	  








	(  	  	 ):+	    	 

















	   + 	! 	
  








 ! )(kscτ  	 )(kcaτ  	   		 
























))(()( kkxku scτ−=  DFGE









))(()( kkxku caτ−=  DFBE
))(()( kkukv scτ−=  D%$E
)))(()(()( kkkkxkv sccasc τττ −−−=  D%>E

	!   6	 	  )(kv   





















scsc k ττ =)( 	 kk sasa ∀=ττ )( ( D%%E













6.2 Polynomial systems theory applied to compensation of time-
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Input signal to the network
u=sin(0.1k)
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7 Enhanced control of a NCS using delay 
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8 Enhanced control of a NCS using delay 
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